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• Achieving maximum theoretical performance of structural alloys
requires searching a large compositional phase space

• Computational screening will accelerate and guide design &
synthesis of multi-component alloys at elevated temperatures for
fossil energy power plant technologies

• Need to balance accuracy and efficiency

 GPU-enhanced Density Functional Tight-Binding (DFTB)

Introduction

• Used modified GPU-enhanced version of DFTB+
• Parallelized diagonalization of 𝐻 with NVIDIA K80 GPUs

Theoretical Methods

Conclusions & Future Work
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Results

• DFTB parametrization2 of iron (Fe)
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• Density Functional Tight-Binding (DFTB)1

• Minimal atomic orbital basis

• Treat valence electrons in field of nuclei & core electrons

• Taylor series expansion of Kohn-Sham total energy:
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• Truncate at 2nd order term  DFTB2

• 𝐸𝑟𝑒𝑝 lumps together difficult many-body effects (e.g., 

exchange-correlation)

• 𝐻0 and overlap matrix elements parametrized beforehand 
from DFT calculations

Results
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Conclusions
• Parallelized diagonalization of 𝐻

• 1.5x faster evaluation
• Parametrized iron (Fe)

Future work
• Create parameter sets for other 

relevant elements (e.g., Ni, Cr) & 
interactions (e.g., Fe-Ni, Fe-Cr)

• Optimize parameters with genetic 
algorithms 

• Predict structural properties for 
alloys as function of temperature

• Band structure of BCC iron using DFTB with our parametrization 
vs. full DFT

2. Calculate repulsive potential, 
𝐸𝑟𝑒𝑝= 𝐸𝐷𝐹𝑇 − 𝐸𝐷𝐹𝑇𝐵,

for several reference systems.

1. Tabulate Hamiltonian and overlap matrix elements as 
function of distance.
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𝐻𝛼′𝛼 𝒌 𝑐𝛼 𝒌 = 𝐸𝑐𝛼′(𝒌)

𝐻μν (𝒓) = ϕμ(𝒓) 𝐻
𝑜 ϕν(𝒓 − 𝒓𝒐) , 𝑆μν 𝒓 = ϕμ(𝒓) ϕν(𝒓 − 𝒓𝒐)
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𝛻2 + 𝑣𝑒𝑓𝑓 ρ𝑎 𝒓 + 𝑣𝑒𝑓𝑓 ρ𝑏 𝒓 − 𝒓𝒐
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